Studies were performed to elucidate the possible relationship between microvessel density, proliferative activity and angiogenesis in eutopic endometrium from women with and without endometriosis and peritoneal endometriotic lesions. The question whether changes in these parameters in endometriotic lesions were reflected by the level of vascular endothelial growth factor-A (VEGF-A) in serum and peritoneal fluid was also studied. Biopsy specimens of both eutopic endometrium and peritoneal endometriotic lesions from women with endometriosis (nZ25) as well as eutopic endometrium from women without endometriosis (nZ14) were analysed immunohistochemically regarding microvessel density, proliferative activity, and expression of VEGF-A and its receptors vascular endothelial growth factor receptors 1 and 2 (VEGFR-1 and VEGFR-2) in stroma, glands and blood vessels. The VEGF-A concentration was measured in peritoneal fluid and serum. Secretory phase eutopic endometrium from women with endometriosis had significantly higher microvessel density, expression of VEGF-A in glandular epithelium and VEGFR-2 in endometrial blood vessels than those from women without endometriosis. Endometriotic lesions with high proliferative activity had a higher microvessel density and showed higher vascular expression of VEGFR-2 as well as being accompanied by higher levels of VEGF-A in peritoneal fluid and serum, compared with lesions with low proliferative activity. In conclusion, there seems to be a dysregulation of angiogenic activity in the eutopic endometrium of women with endometriosis and endometriotic lesions with high proliferative activity were accompanied by higher local angiogenic activity and higher levels of VEGF in serum and peritoneal fluid.
Introduction
Endometriosis is a common gynaecological disease, occurring in about 10% of all women and up to 60-80% of women with infertility problems or pelvic pain (Goldman & Cramer 1990 , Koninckx et al. 1991 . Despite a number of theories concerning the origin of endometriosis (Vinatier et al. 2001 ), the precise pathogenetic mechanisms remain enigmatic. Proposed mechanisms include genetic predisposition (Stefansson et al. 2002 , Simpson 2003 , involvement of the immune system (Berkkanoglu & Arici 2003) , changes in the peritoneal fluid, peritoneum and endometrium, and retrograde menstruation (Valle 2002) . The ability of endometrial fragments to implant is of particular interest in the pathogenesis of peritoneal endometriosis. A number of studies, both in vivo and in vitro, indicate that endometrial fragments in the menstrual fluid might survive and adhere to an intact peritoneal surface (Witz et al. 2001) . Little is known about the regulation of growth of the ectopic endometrium and the recruitment of blood vessels to the endometriotic lesions. It is known, however, that downregulation of ovarian activity by use of contraceptive pills, gestagens or GnRH analogues usually reduces the activity of endometriotic lesions and relieves the pain (Rice 2002) . The effects of these treatments are thought to be due to a reduction in the levels of oestradiol in the pelvic region (DeMayo et al. 2002) .
It has been shown that eutopic endometrium of women with endometriosis differ from that of healthy women without the disease (Garrido et al. 2002) . This includes aromatase activity in the eutopic endometrium from women with moderate to severe endometriosis, but not in those of disease-free women (Noble et al. 1996) . There is also a higher VEGF-A content in the secretory phase eutopic glandular epithelium (Donnez et al. 1998) and an elevated endothelial cell proliferation in women with endometriosis (Wingfield et al. 1995) , compared with those without. Accumulated data thus suggest that eutopic endometrium of women with endometriosis behaves differently from the endometrium of women without the disease.
An adequate degree of vascularization is a major prerequisite for normal endometrial function (Nisolle et al. 1993 ). It has also been shown that neovascularization is necessary for the survival of tumour implants larger than 2-3 mm 3 (Folkman 1995) and endometriotic lesions recruit blood vessels by inducing angiogenesis (Taylor et al. 2002) . Several angiogenic growth factors, such as vascular endothelial growth factor-A (VEGF-A), are present in human ectopic and eutopic endometrium (McLaren 2000 , Mö ller et al. 2001 . VEGF-A is considered important both for angiogenesis in general and endometrial angiogenesis (Smith 1998 , Papetti & Herman 2002 . VEGF-A exists in several isoforms, all of which are potent stimulators of angiogenesis (Robinson & Stringer 2001) . Alternative splicing of a single gene generates six isoforms of VEGF-A composed of 121, 145, 165, 183, 189 and 206 amino acid residues, respectively. The larger isoforms are cell-associated or bound to extracellular matrix components, while VEGF 121 and VEGF 165 are freely diffusible in the extracellular environment and might therefore be identifiable in biological fluids, such as peritoneal fluid or blood. VEGF-A exerts its biological effects by binding to either of its two tyrosine kinase receptors, vascular endothelial growth factor receptors 1 or 2 (VEGFR-1 and VEGFR-2). Among the most important regulators of VEGF gene expression are hypoxia, sex steroids and different cytokines (Shifren et al. 1996 . VEGF-A has been detected in serum and peritoneal fluid from patients with endometriosis (McLaren et al. 1996a , Gagne et al. 2003 .
Proliferating cells can be identified by studying the nuclear or perinuclear expression of Ki-67, a protein that is expressed during all phases of the cell cycle except the G o phase. A number of studies have shown good correlation between expression of Ki-67 and the number of mitotic cells (Ueda et al. 1989) . It has been reported that the mitotic activity changes in both eutopic and ectopic endometrium during the menstrual cycle (Nisolle et al. 1993 , Jones et al. 1995 . Recently, it has also been shown that there are differences in the mitotic activity between red, black and white endometriotic lesions and the proliferative activity seems to correlate with the content of VEGF in the peritoneal fluid (Khan et al. 2004) .
We hypothesise that a high microvessel density should be reflected by a high endothelial cell mitotic activity and also a high expression of the angiogenic growth factor VEGF-A and its two receptors. The main objective of the present study therefore was to examine the relationship between microvessel density, mitotic activity in blood vessels and expression of VEGF-A and its receptors VEGFR-1 and VEGFR-2 in eutopic endometrium from women with and without endometriosis and in peritoneal endometriotic lesions. We also wanted to determine whether differences between lesions regarding local proliferative activity could be detected by analysing VEGF in serum and peritoneal fluid.
Materials and Methods

Patient recruitment
Twenty-five patients of 22-44 years (mean 32.7) with peritoneal endometriosis, and 14 patients of 20-37 years (mean 29.0) without endometriosis, were recruited. The diagnosis of peritoneal endometriosis was confirmed by laparoscopy and histological examination of peritoneal biopsy specimens collected from areas with suspected lesions. The extent of the endometriosis was scored according to the revised American Society for Reproductive Medicine Classification (American Society for Reproductive Medicine 1996) and was equal to stage II-III in all cases of the endometriosis group.
Patients without endometriosis were recruited among women undergoing laparoscopic sterilization. The women were assessed as being in the proliferative (13 with and 6 without endometriosis) or secretory (12 with and 8 without endometriosis) phase of the menstrual cycle on the basis of the menstrual cycle pattern, histological examination of the eutopic endometrium (Noyes et al. 1975 ) and the serum concentrations of oestradiol and progesterone. Hormone analysis was performed with a method based on enzyme-amplified chemiluminescence (Immulite, Diagnostic Products Corporation, CA, USA) in accordance with the supplier's instructions. The mean serum concentrations of progesterone and oestradiol were 5.8G0.5 nM (3.6-7.0 nM) and 307.3 pM (87-581 pM) respectively in the proliferative phase and 23.0 nM (9.5-41.8 nM) and 337.9 pM (91.0-709.0 pM) respectively in the secretory phase. Patients with irregular menstrual cycles or gynaecological disorders other than endometriosis and those who had received hormonal treatment within the last 3 months were excluded. The Ethics Committee at the Research Centre for Obstetrics, Gynaecology and Perinatology in Moscow approved the study protocol and informed consent was obtained from all patients. The protocol of the study was also approved by the Ethics Committee of Uppsala University.
Collection of tissue specimens, serum and peritoneal fluid
Samples of eutopic endometrium were obtained prior to laparoscopy by sharp curettage of the corpus of the uterine cavity of both healthy controls and women with endometriosis. Samples of ectopic endometrium were obtained during laparoscopy by carefully removing at least three suspected peritoneal endometriotic lesions from each patient with laparoscopically verified pelvic endometriosis. The majority of the collected endometriotic specimens appeared mainly as black during laparoscopy. Of the collected lesions were 44% black, 52% black and partly red or white and 4% red. Each biopsy specimen was divided into two parts: one was prepared for histopathological investigation and the other was snap-frozen in liquid nitrogen and stored at K70 8C until analysed. Histopathologically, all endometrial biopsy samples appeared normal and all samples of ectopic endometrium contained endometrial glandular epithelium surrounded by stromal tissue.
Venous blood samples were collected in the morning prior to surgery. Peritoneal fluid samples were collected by aspiration during surgery if there was no contamination with blood. Both the serum and the peritoneal fluid samples were cooled with ice water and centrifuged at 1500 g for 10 min in a refrigerated centrifuge within 30-60 min after collection. Supernatants of peritoneal fluid and serum samples were stored at K70 8C until analysed.
Immunohistochemical staining
Immunostaining was performed by applying the avidin-biotin peroxidase complex (ABC) method. Serial cryosections of 5 mm were prepared, air-dried, and fixed in Zamboni's fixative (pH 7.3). Endogenous peroxidase activity was blocked with 0.6% H 2 O 2 in distilled water. Unspecific binding was blocked by incubating the sections with 2% BSA in PBS (pH 7.4) for 30 min. The sections were incubated with primary antibody for 1 h at 37 8C and rinsed three times for 5 min each in PBS prior to incubation with secondary antibody for 60 min at room temperature. Sections were then rinsed for three times, 5 min each in PBS and incubated with avidin-biotin complex (ABC Elite Kit, Vector Laboratories, CA, USA) for 30 min at room temperature. Specific staining was visualized by applying diaminobenzidine substrate kit (Vector Laboratories) for 3-5 min. After washing, the sections were counterstained with Mayer's haematoxylin, dehydrated and mounted in mounting medium (Pertex, Histolab products AB, Gothenburg, Sweden). Series of all samples and controls were run at least twice.
Image analysis was used to count the number of blood vessels and proliferating cells (Ki-67) and as an aid in grading the intensities of staining for VEGF-A and its receptors. Basically, five to ten non-overlapping, randomly chosen pictures of the endometrial sections were taken at 400! magnification with a JVC 3-CCD video camera attached to a light field microscope (Nikon Labophot, Nikon, Tokyo, Japan). Images were digitised in a PC and subsequently assessed using the image analysis software program Image pro-plus (Media Cybernetics, Massachusetts, CA, USA).
Microvessel density
With a few modifications, the measurements were made according to a technique described earlier (Goddard et al. 2002) . The primary antibody used was a monoclonal anti-human CD31 (DAKO A/S, Glostrup, Denmark) at 0.3 mg/ml. Relevant class-matched IgG was used as negative control. As secondary antibody, we used a biotinylated horse anti-mouse antibody at 1.0 mg/ml (Vector laboratories, Burlingame, CA, USA). Positive controls were performed by staining human placenta and human lymph node that have a known expression of the corresponding epitope. Five randomly chosen fields measuring 0.109 mm 2 were counted, the mean values calculated, and the results expressed as the number of microvessels per millimetre square.
Proliferative activity
Monoclonal mouse anti-Ki-67 (MIB-1, Immunotech, Marseille, France; diluted 1:300) was used as primary antibody and biotinylated horse anti-mouse antibody (Vector Laboratories) as secondary. Immunohistochemical staining of cryosections of a human ovarian carcinoma served as positive control. The number of Ki-67-positive cells was evaluated separately in stroma, glands and blood vessels. A proliferative index (PI) was calculated as the percentage of cells that were Ki-67 positive.
Angiogenic growth factor VEGF-A and its receptors VEGFR-1 and VEGFR-2
The primary antibodies used were polyclonal mouse anti-VEGF (AB-2, PC-37, Oncogene Science, Inc., Cambridge, MA, USA; 1:500), rabbit anti-VEGFR-1 (c-17, sc-316, Santa Cruz Biotechnology, CA, USA; 1:500) and a monoclonal mouse anti-VEGFR-2 (IgG1, A-3, sc-6251, Santa Cruz Biotechnology; 1:500). As secondary antibody, either horse anti-mouse IgG (1:200) or goat anti-rabbit IgG (1:200, Vector Laboratories) was used. Positive controls were performed for all antibodies by staining tissues with known expression of the corresponding epitopes (human placenta and human lymph node). Omission of the primary antibody served as negative control. Non-specific staining was not detected.
The intensity of the staining was evaluated by two independent observers (V B and S P) and graded as 0, when comparable to the negative control; 1, when weak (clearly visible but no more); 2, when between weak and strong and 3, when strong.
Quantitative determination of VEGF-A in serum and peritoneal fluid
For analysis of samples, commercially available ELISA kits for VEGF-A (DVE00, R&D Systems, Minneapolis, MN, USA) were used according to the supplier's Angiogenic activity in endometriotic lesions instructions. The lower detection limit for VEGF-A was set at 5.0 pg/ml.
Statistical analysis
Values are reported as meanGS.E.M. Unpaired two-tailed t-tests or Wilcoxon rank-sum tests were used for comparing results. For analysis, SPSS for Windows (Release 10.0.7) was used. The level of statistical significance was set at P!0.05.
Results
Microvessel density in eutopic and ectopic endometrium
The data are presented in Table 1 . The eutopic endometrium from women without endometriosis had an average microvessel density of 229/mm 2 , with no significant difference between proliferative and secretory phases of the menstrual cycle. In women with endometriosis, the eutopic endometrium had a higher microvessel density in the secretory than the proliferative menstrual phase. Secretory phase eutopic endometrium from women with endometriosis had a higher microvessel density than that from women without endometriosis. Ectopic endometrium (endometriotic lesions) showed the opposite pattern, with a higher microvessel density in the proliferative than in the secretory phase. In the proliferative phase, ectopic endometrium with high proliferative activity had a higher microvessel density than that with low proliferative activity.
Proliferative activity in eutopic and ectopic endometrium
In eutopic endometrium (Table 2) from women without endometriosis, the proliferative index (PI) was higher in glandular epithelium during the proliferative phase compared with the secretory phase. No such difference was seen for stromal and vascular cells.
In eutopic endometrium from women with endometriosis, the proliferative index (PI) again was higher in glandular epithelium during the proliferative phase compared with the secretory phase. Vascular cells, however, had a significantly higher PI during the secretory phase compared with the proliferative phase.
In ectopic endometrium (Table 3) , the PI varied from almost 0 to a fairly high value in both stromal and glandular epithelial cells. The three or more samples from each patient showed the same degree of proliferative activity and the mean PI value was calculated for each patient. The patients were subsequently divided into two groups based on PI in the glandular epithelial cells. Lesions with PI !1 were denoted as having low proliferative activity (nZ8), and those with PI above 1, as having high proliferative activity (nZ17). Lesions classified as having low proliferative activity had a significantly lower PI in both the stroma (P!0.001) and the glandular epithelial cells (P!0.0001) than those with higher proliferative activity. There was, however, no significant difference in PI for blood vessels between women with lesions with low and high proliferative activities.
Expression of VEGF-A and its receptors in eutopic and ectopic endometrium
In eutopic endometrium from women without endometriosis, the expression of VEGF-A was higher in glandular epithelium during the proliferative than the secretory menstrual phase (Table 2) . This difference was not seen in eutopic endometrium from women with endometriosis. There were no menstrual cycle phase-related differences for VEGFR-1 and VEGFR-2 in eutopic endometrium. Concerning the expression of VEGF-A, it was higher in endometrial glandular epithelial cells from women with endometriosis than those without, during the secretory phase. The expression of VEGFR-1 and VEGFR-2 was lower in stromal cells from women with endometriosis in both proliferative and secretory menstrual phases, while the expression of VEGFR-2 was higher in blood vessels of patients with endometriosis in the secretory phase. Table 3 and Fig. 1 present results of samples of ectopic endometrium with either high or low proliferative activity in glandular epithelial cells. There were no significant differences in the proliferative activity in blood vessels between these two groups. Samples with high proliferative activity in glandular epithelial cells showed higher expression of VEGF-A in both stromal (P!0.01) and epithelial (P!0.001) cells than samples with low proliferative activity. The expression of VEGFR-1 was similar in samples with high and low proliferative activities. Samples with high proliferative activity in glandular epithelial cells displayed higher expression of VEGFR-2 in stromal (P!0.05), glandular epithelial (P! 0.01) and vascular (P!0.05) cells than those with low proliferative activity.
Serum and peritoneal fluid concentrations of VEGF-A
Women with endometriosis had a higher content of VEGF-A in peritoneal fluid (282G65 pg/ml) compared with women without endometriosis (125G17 pg/ml; P!0.05) in the secretory phase. There was no difference in the serum content of VEGF between women with and without endometriosis. There were no significant differences in VEGF content in serum and peritoneal fluid between proliferative and secretory menstrual phases.
Women with endometriotic lesions showing high proliferative activity had a higher level of VEGF-A in both peritoneal fluid and serum than women with endometriotic lesions showing low proliferative activity (287G46 vs 140G17, P!0.01 and 136G24 vs 61G17, P!0.02 respectively).
Discussion
This study has comprised an integrated analysis of the proliferative activity, microvessel density and expression of the angiogenic growth factor VEGF and its receptors VEGFR-1 and VEGFR-2 in biopsy samples of eutopic and ectopic endometrium. Further, the concentration of VEGF-A was measured in both peritoneal fluid and serum from the same patients. We found a relation Proliferative index is expressed as percentage of cells expressing Ki-67. Staining intensities for VEGF-A and its receptors VEGFR-1 and VEGFR-2 in endometrial stroma, glands and blood vessels were graded from 0 to 3. NS, not statistically significant. Data are expressed as mean valuesGS.D. The samples were sub-grouped according to their proliferative activity in glandular epithelial cells. Proliferative index is expressed as percentage of cells expressing Ki-67. Staining intensities for VEGF-A and its receptors VEGFR-1 and VEGFR-2 in endometrial stroma, glands and blood vessels were graded from 0 to 3. Data are expressed as mean valuesGS.D. between a higher microvessel density in the secretory phase eutopic endometrium from women with endometriosis with a higher expression of VEGF-A in secretory phase glandular epithelium and VEGFR-2 in endometrial blood vessels. We were also able to show a correlation between the proliferative and the angiogenic activity in endometriotic lesions and this was also reflected by the VEGF-A content in serum and peritoneal fluid. In our study, we used lesions where the majority appeared black or mainly black during laparoscopy. These black lesions are considered to be more established and mature compared with the red ones (Nisolle et al. 1993 , Brosens 1994 ). However, it has been shown that black lesions have lower proliferative activity than the red ones (Nisolle et al. 1993 , Khan et al. 2004 . In spite of the histological homogeneity in our material, we found large differences in cell mitotic activity in both stroma and glandular epithelium, ranging from no detectable mitoses to numerous ones. The stromal mitotic activity was higher in samples with high mitotic activity in the glandular epithelium, but the main difference in mitotic activity was attributable to the glandular epithelial cells. On the basis of this finding, we sub-grouped the samples into those with high and low mitotic activities in the glandular epithelial cells. PI was chosen as a cut when the samples were sub-grouped because it was required to have a group of samples with very low PI to compare with those with a significantly higher PI.
Angiogenesis is believed to be important for the establishment and the survival of endometriotic lesions as well as for the eutopic endometrium. A number of studies on women with endometriosis have shown differences from healthy controls both in the peritoneal fluid composition, and the eutopic and ectopic endometrium that relate to the regulation of angiogenesis (McLaren et al. 1996b , Healy et al. 1998 Figure 1 Immunohistochemical staining of ectopic endometrium. Proliferating cells were identified by staining for Ki-67. The angiogenic growth factor VEGF-A and its receptor VEGFR-2 were found in stroma, glands and blood vessels (v). Blood vessels were recognised by staining for CD31. Pictures on the left (A) represent samples with a high mitotic activity in the glandular epithelial cells and those on the right (B) represent samples with a low proliferative activity. Scale bar is 25 mm. Sharkey et al. 2000 , Garrido et al. 2002 . VEGF-A seems to be one of the most important angiogenic growth factors in the regulation of angiogenesis in general and probably also in both eutopic and ectopic endometrium (Li et al. 1994 , McLaren et al. 1996b , Shifren et al. 1996 , Torry et al. 1996 , Donnez et al. 1998 , Mö ller et al. 2001 . We can show that VEGF-A and its receptors VEGFR-1 and VEGFR-2 are present in both eutopic and ectopic endometrium, and their relation to microvessel density and proliferative activity will be discussed later.
2000,
Regarding the microvessel density in eutopic endometrium from women without endometriosis, our data were consistent with the previous reports (Rogers et al. 1993 , Goodger & Rogers 1994 , Mö ller 2004 ) that the number of intersecting microvessels per millimetre squared seems to be fairly constant during the menstrual cycle (Table 1) . The significantly higher microvessel density in the secretory phase eutopic endometrium from women with endometriosis, compared with women without endometriosis, was reflected by a significantly higher expression of VEGF-A in glandular epithelium and of VEGFR-2 in blood vessels as well as a higher level of VEGF-A in peritoneal fluid. Thus, there seems to be a more proangiogenic situation in eutopic endometrium from women with endometriosis compared with women without the disease. We were also able to demonstrate a significantly higher proliferative activity in blood vessels during the secretory, compared with the proliferative menstrual phase in women with endometriosis. It has previously been shown that the VEGF-A content was significantly higher in the eutopic glandular epithelium of endometriotic patients during the secretory phase (Donnez et al. 1998 ) and that the peritoneal fluid level of VEGF-A is elevated in women with endometriosis, with the highest levels during the secretory phase (McLaren et al. 1996a) . The higher microvessel density in the secretory phase eutopic endometrium from women with endometriosis might be due to a higher production of VEGF-A within the eutopic endometrium (McLaren et al. 1996b) or an extensive endometrial exposure of VEGF-A that is produced and contained in the peritoneal fluid. There are two possible ways by which peritoneal fluid VEGF-A can reach the eutopic endometrium and stimulate endometrial angiogenesis: (1) by transport of peritoneal fluid via the uterine tubes to the uterine cavity and (2) through the local pelvic network of lymph and blood vessels. There is also a possibility that substances other than VEGF-A in the peritoneal fluid might stimulate endometrial angiogenesis. In any case, there seems to be increased angiogenic activity in the secretory phase eutopic endometrium in women with endometriosis. A widely accepted theory concerning the pathogenesis of endometriosis includes retrograde menstruation and implantation of endometrial fragments on peritoneal surfaces (Sampson 1927) . Such endometrial implants will soon depend on the formation of new blood vessels through angiogenesis. It has been proposed that high microvessel density and angiogenic activity in endometrial fragments seeded into the peritoneal cavity might be of advantage during the establishment and growth of the resulting peritoneal lesions, as the large amount of microvessels and endothelial cells would be able to take part in neovascularization (Healy et al. 1998) . The high vascular density and increased proangiogenic properties found in eutopic secretory phase endometrium from women with endometriosis might thus at least be a supportive factor in the pathogenesis of endometriosis.
Ectopic endometrium showed a higher microvessel density in the proliferative phase, in contrast to the finding in eutopic endometrium. Since we found no differences in the expression of VEGF-A or its receptors (data not shown), or in the content of VEGF-A in peritoneal fluid or serum, between the proliferative and secretory menstrual phases, other reasons for this may need to be sought. Possible explanatory mechanisms include the ectopic site of growth, the presence of endogenous aromatase activity in the endometriotic lesions (Bulun et al. 2001 ) and the continuous exposure to peritoneal fluid with its content of pro-inflammatory and pro-angiogenic substances, factors that might override or bias the control of proliferation and function that is normally exerted by the ovarian sex steroid hormones. In a previous study, no difference was found in the microvessel density of endometriotic lesions between the different phases of the menstrual cycle (Matsuzaki et al. 1998 ).
It has previously been shown that red lesions with high mitotic activity also had higher microvessel density than white lesions with lower proliferative activity (Nisolle et al. 1993) . We found similar differences between ectopic endometrium with high and low proliferative activities in epithelial and stromal cells, where the microvessel density was higher in samples with high proliferative activity in the proliferative, but not the secretory phase of the menstrual cycle (Table 1 ). We have now been able to show that endometriotic lesions with high proliferative activity are also accompanied by high angiogenic activity, as reflected by higher expression of VEGF-A in stroma and glandular epithelium and of VEGFR-2 in blood vessels (Table 3) , as well as higher levels of VEGF-A in both serum and peritoneal fluid. Moreover, the mitotic activity in blood vessels seemed to be higher in lesions with high proliferative activity, but the difference was not statistically significant. This may not be surprising, however, since it has been shown that angiogenic activity in eutopic endometrium assessed in terms of the number of proliferating endothelial cells is fairly constant during the menstrual cycle (Rogers et al. 1993) , although there are reports on peaks of blood vessel formation during the (Gargett et al. 1999 , Gargett & Rogers 2001 . Several studies also indicate that endometrial angiogenesis does not occur according to the classical mechanism with sprouting of new capillary blood vessels from maternal blood vessels. It has been suggested that sprouting is of minor importance, since markers for and formations of sprouts have not been observed in eutopic human endometrium (Rogers & Gargett 1998) . It is believed, rather, that angiogenesis in eutopic endometrium occurs mainly through vessel elongation and to some extent also via intussusceptive microvascular growth and incorporation of circulating endothelial progenitor cells into the growing blood vessels (Gambino et al. 2002) . However, it is not known whether the same mechanisms are responsible for angiogenesis in ectopic endometrium. It has previously been shown that higher the concentration of VEGF in the peritoneal fluid is, the more advanced is the endometriosis (Mahnke et al. 2000) and that the amount of vascularization in and around the endometriotic lesion correlates with the mitotic activity within the lesion (Nisolle et al. 1993) .
We thus found a correlation between high mitotic activity in the endometriotic lesions and high levels of VEGF in serum and peritoneal fluid. It has previously been shown that there is a correlation between the mitotic activity in endometriotic lesions and the serum level of CA-125 in women with stage III-IV peritoneal endometriosis (Toki et al. 2000) . Similarly, a correlation has been observed between the mitotic activity in endometriotic lesions and the peritoneal fluid levels of hepatocyte growth factor, VEGF, interleukin-6 and monocyte chemotactic protein-1 (Khan et al. 2004) . The clinical implications of high mitotic activity in endometriotic lesions remain unclear, but this finding might be relevant for the intensity of pain or the question of whether the lesions are growing on the peritoneal surface or are infiltrative. Diagnosis of endometriosis by laboratory testing of VEGF is not possible according to our results, as also has been concluded by others (Gagne et al. 2003 , Bedaiwy & Falcone 2004 , Potlog-Nahari et al. 2004 . Like others (Gagne et al. 2003) , we, in serum, found no differences in VEGF levels between women with and without endometriosis. An analysis of the serum level of VEGF might, however, be a useful tool to determine whether endometriotic lesions have high or low proliferative activity, a test that might be meaningful when attempting to monitor a response to treatment.
Taken together, our results show that there seems to be a dysregulation of angiogenic activity in the eutopic endometrium of women with endometriosis and a correlation between the proliferative and angiogenic activities in endometriotic lesions, which was also reflected by the VEGF-A content in serum and peritoneal fluid. An abnormal control of endometrial angiogenesis in women with endometriosis might have an impact on bleeding control and fertility.
